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Abstract 
Methane is a by-product of coalification process and its emission in underground mine workings during mining 
operation poses a safety hazards on miners and machineries deployed in the mine. To ensure safety in underground 
mines, emitted methane is mixed with ventilation air below prescribed percentage and vented in the atmosphere. 
Methane content in ventilation air system is generally less than 0.02% but in huge quantity is vented into atmosphere. 
In year 2010, 0.24Tg of methane from underground coal mines was emitted in the atmosphere. But now-a-days, 
methane gas is recognized as a clean source of energy and a potent greenhouse gas. India is the third largest coal 
producer country in the world and about 12% of total coal production comes from underground mines up to a 
maximum depth of 600m and remaining from surface mines. Utilization of ventilation air methane is an option to 
reduce methane content in atmosphere and provide opportunities to earn carbon credits. This paper describes 
methane emission in the atmosphere from coal mining and handling activities, opportunity to utilize ventilation air 
methane as fuel to generate energy and challenges to be encountered in utilization. An economical benefit on the 
basis ventilation air methane utilization has also been presented. 
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1. Introduction 
Methane’s global warming potential is 21 times more than carbon dioxide, worldwide attention has 
been drawn by coal producing countries to recover and utilization of methane form virgin coal blocks 
and gassy underground coal mines. More than forty percentage disasters occurred in underground coal 
mines due to methane explosion. Safety problem related to methane emission in underground coal mine 
is tackled by ventilation-system. In this system, emitted methane is mixed with ventilation air and vented 
into the atmosphere, it increases methane load and caused climate change due to global warming. India 
being a signatory of Kyoto Protocol, emission of greenhouse gases would be reduced 20-25% by 2020 
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keeping 2005 as base line [1]. A provision such as Clean Development Mechanism (CDM) project has 
been made for the non-Annex I country (developing countries) to reduce green house gases by adopting 
new technologies and other means. The CDM, a component of the Kyoto Protocol, emerged out of 
concern over the effect of the rising concentration of greenhouse gases and the earth’s temperature. The 
CDM enables projects in developing countries such as India to earn a certified emission reduction unit 
(CER) for each tonne of CO2 equivalent (CO2e) emission reduction achieved. Once verified by the United 
Nations Framework Convention on Climate Change (UNFCCC) (the regulatory body governing the 
CDM), CERs can be used to offset emissions under cap-and-trade programs and become tradable 
financial instruments. 
India being a non Annex I country and active member of Global Methane Initiative (GMI) initiated 
by United Nation Development Programme (UNDP) for climate change, utilization of coal mine methane 
will provide opportunity to earn carbon credit. Under Methane to Market (M2M) program, feasibility 
studies have been conducted for coal mine methane (CMM) potential in underground coal mines and 
virgin coal blocks of Jharia and Raniganj coalfields. The virgin coal blocks which have high gas content 
may be suitable sites for exploitation of coal bed methane (CBM) before mining and the CMM can be 
produced during mining operation. But highly gassy working mines are suitable for utilizing of 
ventilation air methane through CDM project. 
In India, all underground coal mines are categorized into three degree of gassiness viz. degree I, 
Degree II and Degree III. In degree I gassy coal mine, rate of emission of methane is less than 1m3/t with 
less than 0.1%of inflammable gas in general body air, degree II gassy mine has 1-10m3/t methane 
emission rate and percentage of inflammable gas in the general body air is less than 1% and degree III 
gassy mine has more than 10m3/t as methane emission rate. Out of a total of 367 underground coal mines 
in 2010, 16 coal mines are of degree III of gassiness and these mines belong to Jharia and Raniganj 
coalfields of Damodar river basin.  Underground coal production for the year 2010 was about 12% out 
of total production 602 million tonne [2] and estimated quantity of methane emission during this period 
was estimated 0.77Tg [3]. There are many underground coal mines wherein rate of emission of methane 
is too high to produce coal. The methane Drainage techniques were applied in some of degree III gassy 
mines but could not succeed due to low permeability of coal seam and other geological reasons. Now 
new drilling technologies and improved utilization technologies are being used in Australia, USA and 
European counties and they may be applied in Indian underground coal mines. The paper discusses 
prospects and challenges to be encountered in utilization of ventilation air methane in India. An 
economical benefit of a VAM project has also been presented.  
1.1. Ventilation air methane 
Large volume of gaseous by-product is generated during coalification. The process of formation of 
methane and higher hydrocarbon, carbon dioxide, oxygen, hydrogen, nitrogen and other gases during 
coalification is discussed elsewhere [4]. The quantity of generated methane depends on degree of 
coalification (coal rank) and several other geological parameters. Most of the gaseous products migrate 
to the atmosphere through the pores and fissures in the overlying sedimentary strata. However, a 
significant amount of gas (mostly methane) is stored in the micro-porous network of coal. Coal is, 
therefore, both a source and reservoir rock for methane. 
Methane content in coal seams is called coalbed methane and is the main source of ventilation air 
methane (VAM). Methane recovered from working mines during mining operation is known as Coal 
Mine Methane (CMM). It comprised of drainage of methane during mining operation, methane available 
in goaf area (AMM) and methane content in ventilation air. 
In India, percentage of methane in VAM is less than 0.02% in the most of underground coal mines. 
There are a few underground coal mines wherein percentage of methane ranges 0.2 to 0.4% in ventilation 
air and these mines may be suitable for a CDM Project. Capturing and utilizing of VAM rather than 
venting was proven challenging task, but new technologies have recently been developed and deployed 
to oxidize methane in ventilation air [4].  In a highly gassy mine, VAM may be supplementary fuel. 
There are some underground coal mines in India that produce high quality of VAM and estimated CMM 
resource potential in these mines are presented in Table 1.  
Table 1. Underground coal mines suitable for CMM production [3] 
Sr. No. Name of colliery & Coalfields Degree of gassiness CMM resource (in BCM) 
1. Amlabad colliery, Jharia coalfields III 0.76 
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2. Murulidih colliery, Jharia coalfields III 4.98 
3. Central Purbatpur, Jharia coalfields III 5.31 
4. Sudamdih colliery Jharia coalfields III 0.86 
5. Kalidaspur colliery, Raniganj coalfields III 3.78 
6. Ghusick  colliery, Raniganj Coalfields III 2.58 
 
Utilization of VAM in these mines would provide opportunity to earn carbon credit by selling 
certified emission reduction (CER) through a CDM project and it would be helpful to reduce methane 
concentration in the atmosphere.  
2. Methane emission in the atmosphere 
Generally, Indian coal mines are of low gassiness and concentration of methane in mine workings is 
maintained below prescribed percent by diluting emitted methane with ventilation air. The methane 
content in ventilation air of degree I and II gassy coal mines is generally too low to measure by standard 
instrument Halden Mine Air Apparatus. The first estimate of methane emission from Indian coal mining 
and handling activities was prepared using DGMS classification of degree of gassiness of coal seams as  
emission factors and estimated methane emission in the atmosphere was 0.4Tg for the year 1990 [5]. A 
trend has been established on the basis of methane emission estimates for the years 1980 to 2000 with 
assumption that the coal production in the next 15 years would follow a linear trend [6] and is shown in 
Figure 1.  
Table 2. Methane emission in the atmosphere from coal mining and handling activities for the year 2010  
Type of mines Deg. of gassiness Coal Production (million 
t) 
Emission factors 
(m3/t) 
Methane emission 
(Tg) 
Underground mines 
(Mining) 
I 55.32 2.91 0.11 
II 13.82 13.08 0.12 
III 0.86 23.64 0.01 
(Post mining) 
I 55.32 0.98 0.04 
II 13.82 2.15 0.02 
III 0.85 3.12 0.00 
Surface mines 
(mining) I 531.88 1.18 0.42 
(Post-mining) I 531.88 0.15 0.05 
Total emission (Tg)    0.77 
Gas Chromatography using Flame Ionization Detector (FID) was used to measure methane content, 
even it is low. Measurements were made in 16 surface and 83 underground mines of different degrees of 
gassiness to reduce uncertainty in emission factors. Estimates for methane emission to the atmosphere 
from coal mining activities were prepared for the year 2010 by using new emission factors developed by 
CIMFR, Dhanbad [7] and estimates have been presented in the Table-2. 
The methane emission into the atmosphere from Indian coal mining and handling activities has been 
estimated 0.77Tg for the year 2010.  
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Fig.1. Trend of methane emission from coal mining and handling activities with projected value up to 2020 [6] 
3. Challenges to utilization of ventilation air methane 
Utilization of VAM is the best method to reduce methane load in the atmosphere but it is challenging 
task from technical and economic point of view. Major challenges are low and variable methane 
concentration, variable flow rates of ventilation air, changing location of working faces, impact on 
mining operations, and large and costly air handling system. Other challenges can be government 
policies, technological issues and financial. These challenges can also be perceived ones versus real. It 
is important to understand both, so that the right programs can be designed to overcome these issues. 
Main challenges in India are low coal production, lean methane in ventilation air, limited numbers of 
degree III gassy coal seams, no proper inventory and assessment of VAM resources potential in all degree 
III gassy mines, lack of gas pipe line infrastructure near by coal fields and unclear of carbon credits. 
To overcome the above challenges, steps to be adopted for methane reduction in the atmosphere are 
policy to curb methane volume release mine wise per year, mandatory policy for pre-mining 
degasification in high gassy coal mines, transparent dissemination of information for evaluating 
commercial viability, expediting private participation, market creation for clean energy technology, 
reliable cost recovery mechanism, support by government subsidies/incentives and adopting technology 
to smaller scale that to suit Indian conditions. Investigation on quantification of ventilation air methane 
has been carried out in Moonidih and Sudamdih mines in Jharia coalfields to assess the potential for use 
of any of the VAM utilization technologies. A maximum of 0.2% methane concentration in ventilation 
air of Moonidih u/g mine was observed at 510TPD and 0.04% was determined for Sudamdih mine at 
150TPD [8]. Low rates of coal production from gassy mines are main constraint for utilization of 
ventilation air methane in India. 
4. Ventilation air methane utilization technologies 
Utilization technologies of ventilation air methane based on thermal oxidation or catalytic oxidation 
principles are used to produce heat for the generation of useful energy. The combustion process of 
methane and heat generated are presented by the following chemical reaction: 
 
CH4 +O2 = CO2+2H20,   ∆H= -802.7kJ/ mol. 
 
The technologies for utilization of VAM are classified into three categories viz. Ancillary use, 
Principal use and other technologies depending on the concentration of methane and combustion systems. 
In the Ancillary use technologies, the VAM is used as supplementary fuel in gas turbine, internal 
combustion engines and coal fired power station. In the combustion system, oxygen of ambient air 
combines with the primary fuel to generate energy. The VAM is used in place of ambient oxygen in the 
combustion chamber. The calorific value of supplied VAM results in less consumption of primary fuel. 
The main draw back of Ancillary use technique is that total VAM is not utilized, only a part of the VAM 
utilized and remaining portion is vented in the atmosphere.  
In case of the Principal use technology, VAM is itself used as a primary fuel in Thermal flow-reversal 
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reactor (TFFR), Catalytic flow-reversal reactor (CFRR), Recuperative gas turbine, Lean burn catalytic 
turbine and Catalytic monolith reactor (CMR).  The minimum methane concentrations required for 
operation of these technologies are 0.2, 0.1 and 0.4% for the TFRR, CFRR and CMR units, respectively. 
In these reactors/turbines methane-air-mixture i.e. VAM is fired to generate heat for production energy 
at small scale. Utilization and mitigation options of coal mine methane with economical analysis have 
been discussed by Su S. et.al [9] and different combustion technologies are summarized in Table 3. 
Table 3. Different Combustion Technologies of Ventilation Air Methane [9] 
Technology Oxidation 
Mechanism 
Principle Application/Status 
Ancillary uses 
Combustion air for 
conventional Pf power 
station  
Thermal 
Combustion in of power 
station boiler furnace 
Mitigation Utilization demonstrated in 
a pilot scale and being consider for 
full scale 
Combustion air for gas 
turbine Thermal 
Combustion in conventional 
gas turbine combustor 
Mitigation utilization studied 
Combustion air for gas 
engine Thermal 
Combustion in conventional 
gas engine combustor 
Mitigation utilization studied 
Hybrid waste coal/tailing/ 
methane combustion in a 
kiln  
Thermal 
Combustion inside a 
rotating combustion 
chamber 
Mitigation utilization being 
preliminary trialed in a pilot scale 
Hybrid waste coal/ tailing/ 
Methane combustion in 
fluidized bed 
Thermal 
Combustion inside a 
fluidized bed and freeboard 
Mitigation utilization being proposed 
as  a concept 
Principal Uses 
Thermal flow reverse 
reactor (TFRR) Thermal 
Flow reverse reactor with 
regenerative bed 
Mitigation demonstrated utilization 
being planned by BHP Billion 
Catalytic flow reverse 
reactor (CFRR) Catalytic 
Flow reverse reactor with 
regenerative bed 
Mitigation demonstrated, utilization 
not demonstrated yet 
Catalytic monolith reactor 
(CMR) Catalytic 
Monolith reactor with       
recuperator 
Mitigation demonstrated , utilization 
not demonstrated  
Catalytic lean burn gas 
turbine Catalytic 
Gas turbine with a catalytic 
Combustor and recuperator 
Mitigation combustion demonstrated 
utilization being demonstrated at lab 
scale 
Recuperative gas turbine Thermal Gas turbine with a catalytic Combustor and recuperator 
Mitigation combustion demonstrated 
utilization demonstrated at pilot scale 
Concentrator 
Adsorption 
Multi stage 
fluidized/moving bed using 
a absorbent and desorber 
Mitigation utilization under 
development 
         
In case of other technologies, Lean burn gas turbine/Micro turbine has been developed to produce 
power from CMM or enriched VAM. Energy development Ltd. (ELD) has developed a recuperative gas 
turbine that is capable to firing a methane air mixture as low as 1.6%. A Micro-turbine with catalytic 
combustion power has been developed by Ingersoll-Rand of USA that needed 1% methane in ventilation 
air. Concentrators are also developed to enrich VAM for ready use. 
The Hybrid Coal Gasification Technology (HCGT) developed by CSIRO, Australia wherein washery 
middling along with low concentration of methane is combusted in a Rotating Kiln to produce hot gas to 
generate electric power [10].  The HGCT plant requires air with minimum 0.3% methane at the rate of 
4000m3/min. and washery middling whose Calorific value ranges from 3000 to 3500kgcal at rate of 
11.75t/hr in two Rotating Kilns. The plant generates steam at the rate of 60t/hr which is used in steam 
turbine to produce 12MW electric power.  The diagram of HCGT plant is shown in Figure 2. 
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Fig. 2. Schematic diagram of HCGT plant [10] 
5. Economical analysis 
To assess the technical and economic feasibility of a mine-site implementation of any potential mine 
methane technology, it is necessary to first understand the methane emission characteristics from that 
mine. In order to determine the potential to continuously operate methane mitigation and utilization 
plants at a mine site, the following mine-site data are required:  
a. Percentage of methane emitted from ventilation air stream,  
b. Variations in methane concentration and flow rate for ventilation air, and  
c. Methane concentration variation rate.  
In order to discuss economical benefits, the quantification process of VAM from a particular mine is 
studied as described by McPherson [11]. It is estimated on the basis of rate of methane emission per 
tonne of coal produced. Economical analysis has been studied on the basis of utilization of ventilation 
air methane. Moonidih mine in Jharia Coalfields is a mechanized mine and is of degree III gassy mine. 
Investigation on quantification of VAM has been conducted under a UNDP project. The concentration 
of methane in VAM ranges between 0.11 to 0.22% at 510TPD during coal mining from XV and XVI 
seams and it is 0.11% during idle period i.e. when no coal production. The total quantity of VAM at the 
current rate of production was calculated for 2007-08 and is presented in the Table 4. 
With increasing production of coal in future and availability of low rank coal (washery middling) 
from Moondih coal washery situated near by mine site, the HCGT plant may be installed under a clean 
development mechanism project for the utilization of VAM.  
An economical analysis based on VAM utilization of Moonidih mine of Bharat Coking Coal Limited 
in Jharia Coalfields is discussed [3] and results are shown in the Table 5. Generation of CO2 by VAM 
utilization has been balanced during assessment of economical benefit.  Other investments such as capital 
cost to establish HCGT plant, purchase of low rank coal and selling of generated electric power are not 
considered due to lack of component costs. In one Rotary kiln 4505Tonne per year methane may be 
combusted and generated revenue by selling CERs may be 0.64million dollar (Rs. 383 Lakh) per year. 
Table 4. VAM estimation for Moonidih mine in Jharia Coalfields 
Parameters Rate/Production 
Ventilation air quantity 12000m3/minute 
Ventilation Air discharge in one day        17.28Mm3 
Ventilation Air discharge in one year 6.3Tm3 
62   H. Singh and John Mallick /  Procedia Earth and Planetary Science  11 ( 2015 )  56 – 62 
VAM emitted @ 0.1%CH4 (v/v) 6.3Mm3 
VAM emitted @ 0.2%CH4 (v/v)  12.6Mm3 
 Average VAM estimate per year 9.5Mm3 
 Quantity of VAM emission per year 6342T 
Table 5. Economical analysis by using VAM with Low rank coal 
Parameters Rate/Production 
Ventilation air consumption by the Rotatory Kiln 4000m3/min. 
Methane concentration in ventilation air 0.3% CH4 
Use of VAM per minute 12m3 CH4 
VAM used by one rotating Kiln per annum 6307200m3 CH4 
VAM used by one rotating Kiln per annum 4505Tonne CH4 
Used VAM by Rotating Kiln 12389t eq. CO2 
Global warming effect of CH4 compare to CO2 21times 
Net CO2 reduction by Rotating Kiln 91226t Eq. CO2 
Rate of certified emission reduction (CER) $7.00 
Revenue generated by one Rotating Kiln per annum $638582 
Revenue generated in Rupees (1$=Rs.60) per annum Rs.38314920.00 
       
6. Conclusions 
The low rate of coal production from underground coal mines in India since last ten years and lean 
methane content in ventilation air are two major challenges.  Degree III gassy mines of Jharia and 
Raniganj coalfields are suitable sites to utilization of VAM. Methane in ventilation air though very small 
in concentration still emits a significant quantity of green house gas in the atmosphere. Methane emission 
in the atmosphere form underground coal mining and handing activities is estimated 0.30Tg in 2010. 
Using HCGT, low concentration of methane in ventilation air and low grade washery reject may be 
combusted in the Rotary kiln to generate heat for the production of energy at small scale and carbon 
credit can be earned through a CDM project. An amount of 0.64 million dollar per annum may be earned 
by selling CERs generated by using 4505 tonne methane per annum in one rotary kiln. The global 
warming effect may be controlled by reducing methane concentration in the atmosphere. 
Acknowledgements 
The views expressed in this paper are of the authors and not of the institute to which they belong to. 
References 
1. COM SEC(2010) European Commission, http://www.ec.europa.eu/clima/policies/ package/doc/sec-2010-650 part2-en.pdf. 
2. DGMS, Statistics of Mines in India, Volume-I (Coal), Directorate General of Mines Safety. Ministry of Labour and 
Environment, Govt. of India. 2010. 
3. Kumar, J.; M. Tech. in Mine Safety Engineering (Dissertation), AcSIR, CSIR-CIMFR, Dhanbad, May 2014. 
4. http://www.edc.gov/niosh/mining/ userfile/works/pdfs/cmmar.pdf 
5. Banerjee, B.D., Singh, A.K., Kispotta, J., Dhar, B.B., Trend of methane emission to the atmosphere from Indian coal mining, 
Atmospheric Environment, Vol.28, 1994:1351-1352 
6. Singh, A. K.; Methane Emission from Coal Mining and Handling Activities in India, Chapter 3 in Climate Change and India: 
Uncertainty Reduction in Greenhouse Gas Inventory Estimates, Mitra et. al. Eds., University Press, Hyderabad, India, 
2004:31-49 
7. India Second  National Communication to the United Nations Framework Convention on Climate Change, Published by 
Ministry of Environment and Forest, Govt. of India, 2012:PP.52 
8. Project report, Quantification of Ventilation Air Methane from Moonidih and Sudamdih underground coal mines in India, 
2009 
9. Su, S., Beath, A.,Guo, H. Mallett, C. 2005, An assessment of mine methane mitigation and utilization technologies. Progress 
in Energy and Combustion Science 31 2005:123-170 
10. www.estech.com/index.php/products/hcgt.overview 
11. McPherson, M.J., Surface Ventilation and environmental engineering, chapman & Hall, London 1993 
